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This applicion is a con.inua.ioMn-pT of U.S. P»e»t 

APP „.,,. **, no. «*..» - « , 

■ nf US Patent Application No. 08/575.90 f 

continuation-m-pan ot U.S. *"<uc. 

December 20, 1995. 

The present invention relates generally ,o signal transduction 
pathwavs. More panicky, the present .nvent.on re.ates to chemokme 
eceptors. nucleic acids encoding che.ok.ne receptors, chemoKme recepto 
llgan ds. modu.ators of chemoUine receptor activ.ty. antibodies recogmz.ng 
c LoKines and chemo.ne receptors, methods Tor ident.fymg chemo.ne 
receptor li.ands and modu.ators. methods for producing chemokme receptors, 
and methods tor producing antibodies recognizing chemokine receptors. 

Recent advances in molecular biology have led to an 
appreciation of the centra, role of s,gna. transduction pathways in biolog.ca, 
prise, These pathways compnsc a centra, means by which md.v.dua 
cell, in a muhice.lu.ar organism communion thereby coordinating b.o.og.a. 
processes. See Spring Cell 76:30.-3.4 (.994), Tab.e I for a mode.. One 
Lanch of signa. transduction pathways, defined by the mtntcel.ular 
participation of guanine nuc.eotide binding proteins (G-oro.eins), affects a 
broad ranse of biological processes. 

Uwin GENES V 3 19-348 ( 1 994) generally discusses G-prote.n 
5 signa. transduction pathways winch invo.ve, a, a minimum, the following 
component an extrace.lu.ar signa. (e.g., neurotransmitters, pept.de 
honnones. organic mo.ecu.es. light, or odorants), a 
receptor (G-protein-coup.ed receptor, reviewed in Pro* « *. . DNA an, CeU 
Siolos, 11: 1-20 [1992] and also known as GPR or GPCR), and an uttntcellu- 
0 lar he.erotrimeric GTP-binding prote.n. or G prote.n. In particular, these 
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P „n«,»> — — — "* b '°™' 

Leukocytes comprise a group i» 
granulocytes »e„ m phils. ^ 

p'imarilv.mvolv.d in U,e hod/s a E a,ns, f«.«» "»"»• ™" 

,„ „, pascal m—ions. e 
,,„„-. 0,365-873 (1 «4). Moreo- each of ,„esc processes ™ 

ie,taFct ";r-« — . — - — 

a cm en„a,ed - U. *-» W on « — ^ 

„»„ be reonired » *■« °< reSP ° nS ' i ' ' 

:o r; — — — ^^-rr: 
- — — - - j 

jeneiic and biochemical analyses. 

Comparisons of .he amino «*> «*»■»»■ "' "» k "° Wn 
, ! «, have led u> a classification scheme .Me* divides chemoki.es m.o 

25 — — » • s — v: 

firs, „o cysteines ,CXC; N-erminns - — >• - » » «"*• 
L. cysles are advent ,CC See - * »<™' <~ 

1 1 «_ — - — - - - — - r teuk ;: ,t 

30 ,pes respond » *- *>* — ' *■ * "T - " 

CXC clones -« - CC " ,end " 

affect monocytes. 
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supra, recited that RAN 1 ^ basophils and 

<; from basophils. rnrrhi fl/. . Science, 

Chemokines were recently shown by Cocclu. a. 

„,„*.,,» «°""J7 tha , , he GPCR s „p„f im »y of 

r:r= * - - 

serpentineconformauontothemembrane embed 

25 of interacting with G-protems. mo lecular 
The first chemokine receptors to be ana.yzed 



PCT/US96/20759 

WO 97/22698 

„_ — ^ 

10348 (1994) rcvoaled amino acids in the W ™<*P'° r 

„, ' sl noin, Domain s-aprt -P— *— " 

' !j li oa,eola ml n..e™ina,.^n„ 1 .i to , i n. S aO—o, 1 „0,n g 

SPedr,C " y ' rocep.or, for CC c«o>o„o. >,,»= a,so been 

and — CCCKR, »«* bo,h MIP... and KANTES and ca„e, 

15 i::: ^« * — - - «— -~ ^ ™ 
m „. ... ^-^r-r:.i^i- 

— ::=id, fc - 

This receptor binds and responds to MCP-3 in addit.on to MCP-1 . 

A promiscuous receptor that binds both CXC and CC 
2 u notified This receptor was originally identified 

chemokines has also been ■denufied. Th s re p 

25 „ a m , y te , P ,o ^ - : 

nr^entation of chemokines to their targets. 

a «.„ pa„,o g ». oac*H.», S„=p.ococcu S (°«*« « 

Norare 3TMM-438 ('*»»• 
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I„ addition ,o the mammalian chemokine receptors, two viral 
cnemclane receptor homo.ogs nave been identified. A„ U Ja « aL . J. B.oL 
Che ,n. 20*20691-20694 (.993) describes a g e„e product «C 
saimiri that shares about 30% identity with the n,8 receptors and bmds CXC 
chemokines. i*~ n *. C*. ^5-425 (.»» -ens that uman 
cy tome g a.ovirus contains a gene encoding a receptor shanng about 3 % 
L* U- CC chemokine receptors which bmds M1P-- 
MCP-1 and RANTES. These virai receptors may affect the norma. ro,e ot 
chemokines and provide a selective patho.ogica. advantage for the v,n» 
0 Because of the broad diversity of chemofcnes and the.r 

activities, there are numerous receptors for the chemokines. The receptors 
wh ich have been changed represent on.y a fraction of the tota. 
compiement of chemokine receptors. There thus remains a need in the art tor 
the identification of additional chemokine receptors. The availably of these 
15 nove. receptors wi.. prov.de too.s for the development of therapeunc 
Adulators of chemolctne or chemokine receptor function. It « contemplated 
by the present invention that such modulators are useful as therapeuues for the 
treatment of atherosclerosis, rheumatoid arthritis, tumor growth suppress., 
asthma viral infections, and other inflammatory conditions. A.temat.vely. 
20 fragments or vanants of the chemokine receptors, or antibodies recognizmg 
.hose receptors, are contemplated as therapeut.es. 

SUMMARY OF THE INVENTION 

The present invention provides purified and isolated nucleic 
acids encoding chemokine receptors involved in ieukocyte trafficking. 

, 5 Po.ynuc.eotides of the invention (both sense and anti-sense straps thereof) 
include genomic DNAs. cDNAs, and RNAs, as we.l as completely or part.ai.y 
synthetic nuc.eic acids. Preferred polynucleotides of the invention inc.ude the 
DNA encoding the chemokine receptor 88-2B that is set out in SEQ ID NO:3, 
the DNA encoding the chemokine receptor 88C that is set out in SEQ ID 

30 NO-, and DNAs which hybridize to those DNAs under standard stnngent 
hybridization conditions, or which would hybridize but for the redundancy of 



PCT/US96/20759 

WO 97/22698 

- 6 - 

p„ M and washing in 0.2X SSC « 55 C. „ i> .nders.oodb 
„ a„ .»« varia.ion * — — »- «" " r" "I in 
,„e .„ are appropria.e for defining exac, hybridan condn.o.s. 

™~ 

Cold Spring Harbor U,bor«o„ Cold Spnng Harbo, « Yc* 

(1 . 8 ,, Al „ corned b» «« invent .re polynucleondes encodmg 

10 1 ^-^-"c.*^'-»-^-- ,,, •■ ,, ^: 

cracellul.r domains of — pro* o, — H*^ ^ Z ZsZ 
„„reof. 8B-2B ex.racellular doma.ns correspond - ™> » - « 
ID NO 4 acid residue, 1-36. 93,07. .7.-1%. »d ""84. 

ID HU.4 polynucleotide sequences 

earacel.ular do,n..ns of 88-2B « encoded > P > 

,n SEO ID NO:3 at nucleotides 362-469, 638-682. 872 949, 
15 corresponding to oty ^ ™- <;pn ID NO" 1 

„ ,,48 1213 E«.racellul.r domains of BBC corresponds SEO ID NO., 

4 ,„ SEO ID NO 1 » nuclides 55-150, 319-390. 550-627, 

fir,?! 131-151 219-240, and 306-355 ot buy 
of 88-2B include amino acids 60-71, 1J1 m, ^ 

corresponding ,o SEQ ID NO:3 - nuclides 539 7 . ,52 Bl^ 
1,081. and 1277-1426. respect, » 88C 

.ocindo am.no acid residues 56-67. ,25-145, 2,3-235, and 30,-352 of SEQ 
Zm, andSEQ.DMO.. T„e intraceUular domain, of BBC are encodrf 
y polynucleotide seduces corresponding - » => ™' " 
,IZsS 427-4B9.69,-759,.nd955-1.10. Kptides con«spond.»g to one or 
";„,e.,',ne„,r,ce„n„r or intracellular dom,in,..or antibodies raised agatns, 
.Hose peptides, arc contempt a, modulators of rector aCv.Ue, 
especially Hgand and G protein binding activities of Ore receptor,. 
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The nucleotide sequences of the invention may also be used to 
design oligonucleotides for use as labe.ed probes to isolate genomic DNAs 
encoding 88-2B or 88C under stringent hybridization conditions (,.*.. by 
Southern analyses and Polymerase Chain React.on methodologies) . Moreover. 
, these oligonucleotide probes can be used to detect particular alleles of the 
.enes encod.ng 88-2B or 88C, facilitating both diagnosts and gene therapy 
treatments of disease states associated with particular a.leles. In addition, 
these o.igonucleotides can be used to alter chemokine receptor genet.cs to 
facilitate identification of chemokine receptor modu.ators. Also, the 
,0 nucleotide sequences can be used to design antisense genetic elements of use 
i„ exploring or altering the genetics and expression of 88-2B or 88C. The 
invention a.so comprehends bio.og.ca. replicas . copies of isolated DNAs 
made in W W or in vim» and RNA transcripts of DNAs of the invention. 
Autonomously replicating recombinant constructions such as plasmid, v,ral, 
15 and chromosomal («.,.. YAC) nuc.eic acid vectors effectively incorporating 
88-2B or 88C polynucleotides, and, particular^, vectors wherein DNA 
effectively encoding 88-2B or 88C is operative^ linked to one or more 
endogenous or heterologous expression control sequences are also provided. 

The 88-2B and 88C receptors may be produced naturally, 
,0 recombinant or synthetically. Host cells (orotic or eukaryotic) 
transformed or transfected with polynucieotides of the invention by standard 
methods may be used to express the 88-2B and 88C chemokine receptors. 
Beyond the intact 88-2B or 88C gene products, biologically active fragments 
of 88-2B or 88C, analogs of 88-2B or 88C, and synthetic peptides denved 
25 from the amino acid sequences of 88-2B. set out in SEQ ID NO:4, or 88C, 
set out in SEQ ID NO:2, are contemplated by the invention. Moreover, the 
88-2B or 88C gene product, or a biologically active fragment of either gene 
product, when produced in a eukaryotic cell, may be post-translat.onally 
modified (e g via disulfide bond formation, glycosylation. phosphorylation, 
30 myristoylation, pa.mitcy.ation. acetylation, etc.) The invention further 
contemplates the 88-2B and 88C gene products, or biologically acuve 
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r SS 2B or 88C receptors, ttosi cells op"™* »8-2B or oK. 
T °' t 8 ,E or 88C receptor, pu^ed •» — — « " 
; products „ «*- n— —dies or 

im.uunoge.s. The ttm.oody P Moreover, monoroeric. 

============ 

— — * - - . 

■ „„e 88 2B or 88C ge„. products, ft* •»"«•■ ™ b ""° 8 " :, " 1, 
W 7""1T» eLp,. po*- W * - - 

' rat ™ ' d ,o re.ea, a«— «- * 

diagnostic procedures designs , d( u.,jon. 

, 88 IB or 88C »»d »rious norm.! or pathological sales- In 
„, 88-2B. or 88C, „ s „, e -,pecir,c v.rm.ons ™ 

.ut.body products n be used 8 foments 

„press,on o, «. or 88C. their analogs, or Prolog - « ^ 
, tere0 , „«, P-ncs spectftc *M» ^ „ mher .spec,, 

receptors o,,h.,.en,.on are also pr».,*d » 

„ used herein « 77:Xt 1 I^dio^reeepro. 

,„„gou.s,s of 88-2B or 88C. and other molecules wlt. 
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Direct detection of ligand bind.ng to a chento.ine receptor may 
" ,eC " OPh "° m ; ' r 7 ' firm ,He idemificion of. !*•«>. • 

— „ * «— » - *• - 

, — I- *«■ »•■»»"" - ,e ,,e "" is w " ich 

:, z »-» « f — p— - - - — * * y ™ 

., Cl; i „,,c»-n u ,p,o S p»,p.«C,=, i » i ,vo r a a »» 1 »U,c,a s e. C ,. 

i„,ddiMOn.c.o,her, SS ay S (s«e„ m pl=s5. n d6). 

„ discus in in U. E»»pte h™». 

. ^. w ANTES M1P-I". an d M 10 " 1 ^ and 
bind io the 88C rectpior mclude RANTES, Mir 

bind » «« 88-2B induds RANTES- 

,„ a*»l«r .,«■. modu!,^ of ft. .n«»cUon b«w«n the 
88C 88-2B now »d ,b* fe.nds » ^if** co«,™ pl .«d * 
^ M-^-«^^•- ta -' , - ,i - ,, " ,,,,,, 
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assays simi.ar to .hose used for identifying ligands. The me— 
assays sn»» P xnosed to a constant and 

preparation displaying a chemOune receptor , exposed 
Lown quantity of a detectablv labeled functional hgand. !n add.tton, 

=^-— rrrrr 

ZL »f » - - "*-* tas idemiM 10 T ; 

- wel of activity of any of the components found in the 
of the concentration or level ot activuy j 

associated with an intracellular Ca tiux. 

expressed receptor, a Ca flux wou 

, ^ flllx RANTES. a CC chemokine. was identified 

^ i « — «. « - — « - — ~ s * 

~L,» - — » - — ~— 

„hihit resoectively, the interaction of the receptors 
inhibitors will activate or inhibit, respectively, 
with their ligands in these assays. 

„ M s *, OPP— , of ~P- — * " """"'°™ 8 
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5 moMte r«Lo- sm .y-^ ro 

„»,„ chemokine >«»«, * 

• h "" b °" , " P " . F» example „,,e me** b, which °' 
» — ■ " ilwol ,es PW*-*- C 

,„ ^ ^2XZ^ or — « *~ phones * 

j TB . ae iec,ionofpliO!p»oUpaseac"»«y»»y'«l mrC ' :0 "™ 
de.ec.eL The doecuc. P P coran ,fec,ion ,s 

wi ,„ DNA ehcc*. an 0 ■>"»"" Q jn 

r B ::;:^n P — - - 
> ~* » - — - :::: 8 :™ 

20 effector molecules are also and 

pu „ f — "™;:;tr:T:„...he re cep,o„ 
inhibitors will activate or inhibit, respectively, 

" iihtto ' ,i8 *:r::;:r 6 ee„^.o-— 
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binding to specific receptors contemplated by the invention may include 
antibodies directed toward a chemokine or a receptor, biological or chemical 
small molecules, or synthetic peptides corresponding to fragments of the 

chemokine or receptor. 
5 Administration of compositions containing 88-2B or 88C 

modulators to mammalian subjects, for the purpose of monitoring or 
remediating normal or pathological immune reactions And viral infections 
including infection by retroviruses such as fflV-1. HIV-2 and SIV ,s 
contemplated by the invention. In particular, the invention comprehends the 
,0 mitigation of inflammatory responses, abnormal hematopoietic processes, and 
viral infections bv delivery of a pharmaceutical^ acceptable quantity of 88-2B 
or 88C chemokine receptor modulators. The invention further comprehends 
delivery of these active substances in pharmaceutical^ acceptable 
compositions composing earners, diluents, or medicaments. The invention 
also contemplates a variety of administration routes. For example, the act.ve 
substances may be administered by the following routes: intravenous, 
subcutaneous, intraperitoneal, intramuscular, oral, anal (i.e.. via suppos.tory 
formations), or pulmonary (i.e.. via inhalers, atomizers, nebu.izers. etc.) 

In another aspect, the DNA sequence information provided by 
,„e present invention makes possible the development, by homologous 
recombination or "knockout" strategies fsee, e.g. Kapecchi. Science. 
244.1288-1292 (1989)], of rodents that fail to express a functional 88C or 88- 
2B chemokine receptor or that express a variant of the receptor. 
Alternative^, transgenic mice which express a cloned 88-2B or 88C receptor 
can be prepared by well known laboratory techniques (Manipulatmg the 
Mouse Embryo: A Laboratory Manual, Brigid Hohan, Frank Costantini and 
Elizabeth Lacy. eds. (1986) Cold Spring Harbor Laboratory ISBN 0-87969- 
175-1). Such rodents are useful as models for studying the activities of 88C 
or 88-2B receptors in vivo. 
30 other aspects and advantages of the present invention will 

become apparent to one skilled in the art upon consideration of .he following 
examples. 
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^T«e *e invent.cn . Examp le I 

chemokine receptors. Example P 

. . „„ oo 9 B an d 88C and macaque 88<~. ttxam^ 

! „f «Rr and 882B as co-receptors for HIV is 

— =:= 

2B or 88C ligands or modulators. 

Fvamole 1 

Partia. genomic Cones encoding the nove! chemokine receptor 
r . Elated by PCR based on conserved sequences 
genes of this invention were isolated by ^ 

f« "CR «» — . of 

— «. — - — — — e ™ onni : DNA r 

comm y YACsl (Research Genetics. Inc., 

Y ' 01 1 B). A VAC _ 

- - - — *r££rzz 

encoding CCCKR1. In particular, CCCKR(2) , 

(copending to the sense strand of CCCKR1, ts presented in SEQ ID 
30 K015 Primer CCCK R (2)-5' consisted of the 

CCxLcrrAGAa.AOCCOGOATOOG.A-3', wherein the underltned 
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p „„e, « CCCKK-3- - * » of CCCKE . 

complemeni of the ds n 

VAC Cone DNAs *«* — - «* ^ o Y AC d o„=s. on 

, proptlw «»«r-«°" •*"»■ <^ m „ „c ,o, four 

- - — - " ^ usi „ 8 33 „ce S or 

— . r;:^::: — . - - - - — - 

Jenaturauon at w >~ 

e*„« S ion 72 C fo, - ™-e, ^ ^ ^ B a 

««,«. round of PCR « ^ , ot ,„ r ,.d 

0 «d in .he fir. round of PCR- * ^ CCCKJ! . 

specific primes One Cone, 881F10. ^ 
- - « A ,o,er,upp,» S V AC 
CCCKR2. „ — - * « " J n DNA lnd ali0 coined 

lhe genes for CCCKR1 ^ revealed 

another. rCCKRl and CCCKR2 genes 

The close proximity of the CCUfc* rrrKR2 

Usins DNA fron, ™— VAC Co ^ 

.empiare, PC* — ««. P"*™- " „ pcRprta-.. 

J0 TOs e "» tT — JXr,ltlr-= don,., - CC *— 
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TCCKR2 and V28. V28 was used because it is an orphan receptor that 

Of further note, the two splice vanants of CCCKR CC 
5 CCCKR2B, are identica, in the second intracellular .oop and stxth 
transmembrane domain regions used in the analysis. The 5' ^ner 
obsignated V 2 8de g a, conta.ns an internal BairitU s.te (see ^ 
seq uence , presented in SEQ ID NO:5. The seance of 
corresponds to DNA encoding the second intrace.iu.ar loop -g.on of the 
10 canonica, receptor «... *■ »** « a,. su P ra. The 3 ^nrne 
desig nated V 2 8de g r 2 , conta.ns an interna, m** sue (see below , « 

corresponds to DNA encoding the sixth transmembrane doma.n of 
canonical receptor structure. 
. , An.plif.ed PGR DNA was subsequently digested with BaniM 

and «*nn to g ene ra te fragments of approximately 390 b P , consistent with 
the fragment size predicted from inspect.on of the canon.ca. 
PoUowing endonuciease digest.on. these PGR fragments were Coned .n o 
pB.uescrip, (Stratagene Inc.. U* CA>. A «1 of 54 cloned , g me„« 
M were subjected to automated nuc.eotide sequence analyses. In add.t.on to 
sequences from CCCKR1 and CCCKR2, sequences from the two nove 
chemokine receptor g enes of the .nvention were identif.ed. Tnese two nove, 
chemokine receptor genes were designated 88-2B and 88C. 

Restriction endonuciease mapping and hybrid>zaUon were 
25 utilized to map the relative positions of genes encoding the receptors 88C, 88- 
2B CCCKR, and CCCKR2. These four genes are closehy linked, as the 
g ene for 88C is approximate* ,8 KBP from the CCCKR2 gene on human 
chromosome 3p21. 
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Fxam ple 2 

Full-length 88-2B and 88C cDNAs were isolated from a 
macrophage cDNA library by the following procedure. Initially, a cDNA 
libr ary, described in Tjoelker « al. Nature J74.-549-553 (1995). was 
, constructed in pRc/CMV (Invitrogen Corp., San Diego, CA) from human 
macrophage mRNA. The cDNA library was screened for the presence of 88- 
2B and 88C cDNA clones by PCR using unique primer pairs corresponding 
,o 88-2B or 88C. The PCR protocol involved an initial denaturation at 94 C 
for four minutes. Polynucleotides were then amplified using 33 cycles of 
10 PCR under .he following conditions: Denotation at WC for one rntnute. 
annealing at 55 C for one minute, and extension at 1TC for two m.nutes. 
The first primer specific for 88-2B was primer 88-2B-f 1. presented in SEQ ID 
NO- 1 1 - It corresponds to the sense strand of SEQ ID NO:3 at nucleot.des 
844-863. The second PCR primer specific for the gene encoding 88-2B was 
,5 primer 88-2B-H, presented in SEQ ID NO:12; the 88-2B-H sequence 
corresponds to the anti-sense strand of SEQ ID NO:3 at nucleotides 1023- 
1042 Similarly, the sequence of the first primer specific for the gene 
encodine 88C. primer 88C-f 1 . is presented in SEQ ID NO: 13 and corresponds 
I0 ^ sense strand of SEQ ID NO:l at nucleotides 453-471. The second 
,0 primer specific for the gene encoding 88C is primer 88C-r3. presented m SEQ 
ID NO: 14: the sequence of 88C-r3 corresponds to the anti-sense strand of 
SEQ ID NO:l at nucleotides 744-763. 

The screening identified clone 777, a cDNA clone of 88-2B. 
Clone 777 contained a DNA insert of 1915 bp including the full length coding 
sequence of 88-2B as determined by the following criteria: the clone contatned 
a long open reading frame beginning with an ATG codon, exhibited a Kozak 
sequence, and had an in-frame stop codon upstream. The DNA and deduced 
amino acid sequences of the insert of clone 777 are presented m SEQ ID 
NO-3 and SEQ ID NO:4. respectively. The 88-2B transcript was relat.vely 
rare in the macrophage cDNA .ibrary. During the library screen, only three 
88-2B clones were identified from an estimated total of three million clones. 
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Screening for cDNA clones encoding the 88C chemokine 
receptor identified clones 101 and 134 which appeared to contain the entire 
88C coding region, including a putative initiation codon. However, these 
clones lacked the additional 5' sequence needed to confirm the identity of the 
5 initiation codon. The 88C transcript was relatively abundant in the 
macrophage cDNA Library. During the library screen, it was estimated that 
88C was present at one per 3000 transcripts (in a total of approximately three 
million clones in the library). 

RACE PCR (Rapid Amplification of cDNA Ends) was 
10 performed to extend existing 88C clone sequences, thereby facilitating the 
accurate characterization of the 5' end of the 88C cDNA. Human spleen 5'- 
RACE-ready cDNA was purchased from Clontech Laboratories. Inc.. Palo 
Alto. CA. and used according to the manufacturer's recommendations. The 
cDNA had been made ^'-RACE-ready" by ligating an anchor sequence to the 
15 5' ends of the cDNA fragments. The anchor sequence is complementary to 
an anchor primer supplied by Clontech Laboratories, Inc., Palo Alto, CA. 
The anchor sequence-anchor primer duplex polynucleotide contains an EcoM 
site. Human spleen cDNA was chosen as template DNA because Northern 
blots had revealed that 88C was expressed in this tissue. The PCR reactions 
20 were initiated by denaturing samples at 94"C for four minutes. Subsequently, 
sequences were amplified using 35 cycles involving denaturation at 94 C for 
one minute, annealing at 60*C for 45 seconds, and extension at 72"C for two 
minutes. The first round of PCR was performed on reaction mixtures 
containing 2 M > of the 5'-RACE-ready spleen cDNA, 1 M » of the anchor 
25 primer, and 1 pi of primer 88c-r4 (100 ng/pl) in a total reaction volume of 50 
M l. The 88C-specific primer, primer 88c-r4 (5 ' -G ATAAGCCTC ACAG- 
CCCTGTG-3'), is presented in SEQ ID NO:7. The sequence of primer 88c- 
r4 corresponds to the anti-sense strand of SEQ ID NO:l at nucleotides 745- 
765.' A second round of PCR was performed on reaction mixtures including 
30 1 til of the first PCR reaction with I pi of anchor primer and 1 pi of primer 
88C-rlb (100 ng/pl) containing the following sequence 
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ID NO:8. The sequence of pnmer ^ 

the ami-sense strand of SEQ ID ^ on a t % 

ag arosegel. The approximate* ™^ Altemalively , 
pBluescr.pt. Clones with the .argest a cQmmercial TA 

- - ~ Pr ° dUCt - L — nuc.eot.de 

cloning kit (invitrogen Corp., San D.eg 
10 sequence determinations^ ^ ^ pRISM - 

Ready Reacuon DyeDeoxy ^ ^ Sequencer . 

X.e insert of Cone 777 ^ ^ The seque „ce of the 

entire insert of clone 777 was ^ 
sequ ,ce and deduced amino . ^ ^ ^ (corresponding 

t0 SEQ ID NO:3 at -cleoudes 1 *T . ^ ^ rf y 

responding to SBQ ID NO-3 at — ^ nucl eotides 1«M9IS>. 

Tne 88-2B genotntc ^ *^ g8C cDNA sequenC e, and deduce. 

n> N0.3 at nuclides 746-112^ ^ ^ ^ ggc cDNA 

amino acid sequence, is presen racE-PCR cDNA, clone 

^•^-^££7„ - - ■ 

134. and clone 101. The w ^ including the 

unique identification ^ ^ ^ obtained from the RACE PCR cDNA 

confirmed the pos.t.on of the first » , 34 c |„„e 101 

SEQ ro - - J— r cl0 „e 13, — 

contained fuU-lengthcop.es of the 88CC 
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, . , n oco ID NO: 1 at nucleotides 

n adeoudes55-in0) >a nd 49 2 P clone 101 coma ined 25 bp of 5 

SEQID NO:! at nuclides U ^^.t* 
untranslated cDNA (correspond^ to SEQ ^ ^ ^ 

, ! 10 , and 2273 bp of 3' untranslated cDNA t 

. m i.U-3383) The 88C genomic DNA dt-scno 
„ nuc.eot.des ,.U 383) ^ 
above, corresponds to SEQ ID ^ g8C revealed 

* dedUC6d am,n ° " f rcTs -ludlng seven M^c 

^* ,- rr^^-' sequence 

domain, correspond^ to ^ ^ of idenllty . 

Table 1 
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7n^n7^cT^8-2B 88C 
30% 30% 

IL-8RA 

31% 30% 

1L-8RB 

CCCKR1 bz,b 

46% 66% 

CCCKR2A 

50% 72% 

CCCKK2B 
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Table 1 shows that 88-2B is most similar to CCCKR1 (62% identical at the 
amino acid level) and 88C is most similar to CCCKR2 (72% identical at the 

amino acid level). 

The deduced amino acid sequences of 88-2B and 88C also 
5 reveal the intracellular and extracellular domains characteristic of GPCRs. 
The 88-2B extracellular domains correspond to the amino acid sequence 
provided in SEQ ID NO:3, and SEQ ID NO:4, at amino acid residues 1-36, 
93-107, 171-196, and 263-284. The extracellular domains of 88-2B are 
encoded by polynucleotide sequences corresponding to SEQ ID NO: 3 at 
10 nucleotides 362-469. 638-682, 872-949. and 1148-1213. Extracellular 
domains of 88C include amino acid residues 1-32, 89-1 12, 166-191 . and 259- 
280 in SEQ ID NO: 1 and SEQ ID NO:2. The 88C extracellular domains are 
encoded by polynucleotide sequences that correspond to SEQ ID NO:l at 
nucleotides 55-150, 319-390, 550-627, and 829-894. The intracellular 
,5 domains of 88-2B inc.ude amino acids 60-71, 131-151, 219-240. and 306-355 
of SEQ ID NO:3 and SEQ ID NO:4. Those domains are encoded by 
polynucleotide sequences corresponding to SEQ ID NO:3 at nucleotides 539- 
574, 752-814, 1016-1081 , and 1277-1426. respectively. The 88C intracellular 
domains include amino acid residues 56-67, 125-145, 213-235. and 301-352 
20 of SEQ ID NO: 1 and SEQ ID NO:2. The intracellular domains of 88C are 
encoded by polynucleotide sequences corresponding to SEQ ID NO:l at 
nucleotides 220-255. 427-489. 691-759. and 955-1110. 

In addition, a macaque 88C DNA was amplified by PCR from 
macaque genomic DNA using primers corresponding to 5' and 3' flanking 
25 regions of the human 88C cDNA. The 5' primer corresponded to the region 
immediately upstream of and including the initiating Met codon. The 3' 
primer was complementary to the region immediately downstream of the 
termination codon. The primers included restriction sites for cloning into 
expression vectors. The sequence of the 5' primer was 
30 r.AC AAGCTT CACAGGGTGGAACAAGATC (With the Hindm site underlined) 
(SEQ ID NO: 17) and the sequence of the 3' primer was 
GT rrcTAG A CCACTTGAGTCCGTGTC a (with the Xbal site underlined) (SEQ ID 
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r ,h, PPR amplification were 94°C for eight 
NO: 18). The cordons o. the PGR amp 
minu tes. then 40 cyCes of 94°C for one mmute. 55 C tort 
and 72-C one minute. The amplified products were Coned ,nto e — 
„d Xbal sites of P cDNA3 and a Cone was obtatned and sequenced. ThefuU 
, ength macaque cDNA and deduced amino acid sequences are presented « 
^ sZlDNO : .9and20, respective,, 

S8C is 98% identic, to the human 88C seance. The deduced ammo ac.d 
sequences are 97% identical. 

F-vam ple 3 

The mRNA expression patterns of 88-2B and 88C were 
determined by Northern blot analyses. 

Northen, b.ots containing .mmobtKzed po.y A* RNA from a 
vari ety of human tissues were purchased from Contech ^oratories. Inc 
Pal o Lo CA. in particular, the foUowing tissues were exammed heart, 

late, test, ovary, smaU intest.ne. coion and penphera, b.ood „ 
A probe specific for 88-2B nuclide sequences was generated 

lesponding to SEQ U> NO: 3 at nuclides 64,-19,5. To gene.te a 
20 probe Cone 478 was d.gested and the insert DNA fragment was .so, 

oUowtng ge, Cectrophoresis. The iso.ated insert foment was t e„ 
radio ,abe,ed with "P-,abe,ed nuCeotides. us.ng techniques .nown m the a. 

A probe specific for 88C nucleotide sequences was generated 
by .outing and ntdio.abe.ing the insert DNA fragment found in Cone 493_ 
2 , The insert fragment from Cone 493 contains sequence correspond to SEQ 
ID NO: 1 at nucleotides 421-1359. Again, convention, techniques mvolvmg 
"P-labeled nucleotides were used to generate the probe. 

Northern blots probed with 88-2B revea.ed an approx.mately 
, 8 k b mRNA in peripheral biood .euKocytes. The 88C Northerns showed an 
30 approximated 4 Kb mRNA in several human tissues, tnCuding a strong s.gna 
whenprobingsp.eenorthymustissueand.essintensesigaa.whenana.yztng 



PCT/US96/20759 

WO 97/22698 

- 22 - 

mRM ,ro„ penpal oiood »* ^ A """" 

T „a for 8SC was^d in lung «*« and in o..„an 

- « - «c - — ~~ - — : 

of library subtractions. 

p-vample 4 

The 88-2B and 8HC cDNAs were expressed by recombinant 

methods in mammalian cells. subc i one d into 

For transient transfection experiments, 88C was 

epitope at the amino terminus of 88C to "nYKDDDD." COS-7 

The FLAG epitope consists of the sequence DYKDDUU 
protein. The FLAU epi p e v Dress ion plasmid using 

■ fJ v l(f cells per well and grown overn.ght. The 
^ Trl ih PbT and O^mg of DNA mixed wilh 1 .5 jil of Upofeciamine in 
washed with PBS. ana u.j 6 c the 

0 25 ml of rjpti-MEM « added ,o - — EUSA 
^wrt-d with med um containing 10 * ** 4 
25 ra rrr 8 rw«dauhe=en» rf aec i «,r.n S i»..,.™^ 
confirmed that 88C was exp FLAG epitope (Eastman 

COS-7 cells us.ng the Ml antibody specific for the FLAG ep 
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.ccorfi* ,o .h, r^endafions. S„b,= U« were «KKd 

1 A— of d. *, 04.8. ™ «— « 
v ,„I ,o, o, 88C „ ce„ — * BUSA. « * « 

5 «. «*> epUope. BUSA snow* <- «8C 

FLAG epi.op. «as - * ce„ «*» of -hi, — — 

M ■n,,88-2B.no88CcDNA ! .er ou *a,o mlk ..«b te BEK-293 

„, p™»o,« r in PRCCMV rjnvi.ro g » Co,.. S» Diego, CA, u« . PCK- 

clooe ,77. T,„ PCR pnn,e„ «e„ 88-2B-3 .co—g » .«"»■ *** »' 
»0 SS-2B-5 ,~g » in«™, IMB *>. H- —— 

. j •„ ccn m NO-9" the nucleotide sequence oi 
primer 88-2B-3 is presented m SEQ ID NO.*. » 

» h in «Ff) ID NO' 10. An 1 104 bp region of cDN A 
primer 88-2B-5 „ presented m SEQ ID NCX ^ 
was amplified. Following amplificauon. the DNA was d.ges 
J- Coned into similarly digest P Rc/CMV. The resulung plasm 
1 named 777XP2. which contains 18 hp of y undated seance 

f as 7B and 3 bp of 3' untranslated sequence. For the 
entire coding region of 88-2B. ana 

riquence. the full-ength cDNA msert in Cone 134 was no, further 
modified before transfecting HEK-293 cells. 

To create stably transformed cell lines, the pRc/CMV 
recombinant c.onesweretransfec^ 

[(2 3-Dio.eo y .oxy)pro Py .]-N,N.N-tr. m eth y ^ 
amm on iumm e t hy 1 su 1 fate,Boehrin g er-Mannhe 1 m. Inc.. 
according to the manufacturer's recommendations, into HEK-293 cells 
hu man embryonic Hdney eel, line. Stab.e lines were selected in the presenc 
of the d™g G4,8. Standard screening procedures (,.. N«*« bio 
analyses) were performed to identify stab.e cell lines expressing the htgnest 
30 levels of 88-2B and 88C mRNA. 
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Kvam ole 5 
A ry* Assays 

To analyze polypeptide expression, a functional assay for 
chemolune receptor activity was employed. A common feature of signalling 
, through the Known chemokine receptors is that s.gna. transduct.on ,s 
associated with the release of intt.cellu.ar calcium cations. Therefore^ 
imracel.ular Ca" concentration in the transfected HEK-293 ceUs was assayed 
to determine whether the 88-2B or 88C receptors responded to any of 
known chemokines. 

1Q HEK-293 cells, stably transfected with 88-2B. 88C (wthout the 

FLAG epitope sequence), or a control coding region (encoding IL8R or 
CCCKR2 see below) as described above, were grown in T75 flasks to 
approximately 90% confluence in MEM + .0% semm. Cells ^were then 
Jled. halted with versene (0.6 mM EDTA. 10 mM Na 3 HPO. 0,4 M 
1S Nad 3 mM KCI. and 1 mM glucose), and incubated in MEM + 10% serum 
" + , ,M Fura-2 AM (Molecular Probes. Inc., Eugene. OR) for 30 mmutes 
at room temperature. Fura-2 AM is a C«-*ive dye. = cells we, 
.suspended in Du.becco's phosphate-buffered saline contaimng 0.9 mM CaC, 
and0 5 mMM g CMD-PBS) to a concentration of approximately .0 cells/ml 
,0 and chan.es in fluorescence were monitored using a fluorescence 
' spectrophotometer (Hitach, Mode! F-4010). Approximately 10" cel.s were 
suspended in 1.8 ml D-PBS in a cuvette m— ed at 3TC. Exotauon 
wavelengths ahemateO between 340 and 380 nm at 4 second intervals; the 
emission wavelength was 510 nm. Test compositions were added to the 
25 cuvette via an infection port; maxima. C» flux was measured upon the 

addition of ionomycin. 

Positive responses were observed in cells express.ng 1L-8RA 
when stimulated with IL-8 and a.so when CCCKR2 was stimulated with MCR- 
1 or MCP-3 However. HEK-293 cel.s expressing either 88-2B or 88C faded 
30 to show a flux in intracellular Ca" concentration when exposed to^ any of the 
mowing chemokines: MCP-1. MCP-2. MCP-3, MIP-.c, MIP-.0, H*. 
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NAP . 2 . E ro,MGSA, ,P-0. BNV7,. or « <**~*- «~ **> 
— .C>"— 

„s *se„cd * ^ *•»— 

™ a ' T Expressed and Secreted) .s a CC 

rrr- — • • 

„, t rells /« virro. Modulation of 88-2B receptor 

FLAG »s«ed 88C „=p,o, was pressed ,n HEK-293 a» 

• u r-A" nux assay Cell surface 

- — - — - - * picU 
:r; i ^„ * - - — - - — 

<,f ' 00nM ' c,-n„, a s».,sc a n, 1S<>1 .«des;«,.«d,o i de„, i f»n,od»,„o«o f 

„■ o The oreceding fluorimetric or microscopic 
chemokine receptor binding. The preced g 

lhe ,e.t compound as »n inhibitor of chemoxine rector btnd.ng. 

o nimnhniTi""'" 1 Hydrolysis 

' Ano,l«r.ssa ! forU g ^o,»odu te ,or. i n,o,,es— n» S 
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rneubo.itesofphosphomosito^^ 

- — is subjec,ed ,o a ; on ; x t:; 

chromatography « an AG 1X8 anion exchange coiumn (formate form. 

, and the >H associated with ft. -pounds U determined us.ng ^ 
scintil.at.on spectrophotometry. The phospholipase C assay can aisob 
exploits to identify modulators of chemokine receptor activity The 
Lmentioned assay is performed as desert. bu, with the — of a 
polen tia, modulator. Eievated .evels of detectable «- wou ■ - 
10 Ldulator is an activator, depressed leveis of the ,be, would indicate the 
modulator is an inhibitor of chemokine receptor activity. 

. u .• o„ r assav was performed to identify 
The phospholipase C assay was h 

eber^e o, ,,e HLAOH— « reeep,or. A«— > - » 

to! .to M — , COS-7 »C were UKW for 20-24 

» I U FCS. Labeled -ere — * — ~» 
11 ,0 „,M UC, - — - rrc ^ 1 -* ,r.„„,o -free 
D mL .0 rnM LiCl - one o, ,he : 

K^BS. «-... — ■ "CP,. a* 0,..= — 
JE pho.pba.e CP) <o™»o" was assayed „ descnM m 

l„h After toWion -«~ chemoki.es. .he med.om was 

(o Le.c M „0,n,„, Supe™™„ I .c,io„..ere,o,dea.„,o AO,-X Dowe, 
eo,u«,ns (Biorad. HercUs. CA). * — " ° 

,™„„ ta ,„ f.™«. roUowed by elu.vor, wi.H 2 M .—, fon»»e. T«a. 
i„o,«ol phones were a—red by be..-erai»,o„ S . 

Beea„seU te .bee„,»o.n, 1MS o«ecber„=ldn« re cep,o„. s uch 

,s IL8RA AND 1L8RB, re,,™ —fee.i.n .i* an exogenous G pr«e,„ 
, A • 7 cells the 88C receptor was co- 

before signalling can be detected in COS-7 cells, 

• <-„;<; (Cnnlclin el al., Nature 363:274- 
expressed with the chimeric G protein Gqt5 (Conklin. 

e ' p „ .- h u„ the carboxyl terminal five amino 

^76 (1993). Gqi5 ia a G protein which has the caroo y 
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acids rf o, ( Which b , d » - «~Z> — - ^- 

W)th GaiS sienificantly potentates signaling by CCCKR. and CCKR2B. Co 
c i h ,hn 88C signaled well in response to 

transfection with GqtS revealed that 88C s.gna 

^XBS. MIP-10- and MIP-!*. « not ,n response ,o ^ ^ ^ 
5 mu nneMCP-l homologue Dose-response curves revealed EC 30 values of 
lnM for RANTES, 6nM for IfflP-W. and 22nM for MIF-1-. 

88C is the first cloned human receptor with a signaling response 
to MM. Compared with other CC chemokines, clearly has a 

Z cellular action pattern. I, appears to activate T ce I s but « 
lL.es (Ba gg ,olini e, a,., Sup.) which is 

stimula tion studies. For example, while MIP-l* bmds to CCCKR1. t do. 
not .nduce calcium flux (Neote et a,., Supra). In contrast M^o»d 
^ b ind to and causes signaUing in CCCKR1 and CCCKR5 (R^S 
r^Ls activate of CCCKR3). MIP-10 to* appears to be much more 
L^ethanotherchemoUinesoftheCCchemoKinefami,, Such select^ 
L of „ stance .cause a specific beneficial acuv.t, can 
stimu ,ated (such as suppression of HIV infection) without st.mula.mg muU.p.e 
Oocyte populations which resu.ts in genera, pro-inflammatory acuvtt.es. 

c P^TNn ASSAYS 

Another assay for receptor interaction with chemokines was a 
^cation of the Ending assay descHbed oy Emst e, aL , — - 
^•3541-3549 (1994). MP-V as labeled using the Bolton and Hunter 
recent (di-iodide, NEN, Wilmington, DE), according to the manufacturers 
.sLons. Uncord iodide was separated from iabeled protem by 
e.ut.on using a PD-10 co.umn (Pharmacia) equilibrated w.th PBS and B A 
(1%w ,v, The specific activity was ^ 2200 0^. Equ.hbn m 
bind in S was performed by adding 'labeled ligand with or w.thout a 100- 
fold excess of un.abeled ligand. to 5 X 10> HEK-293 cells transfected w.th 
88C taeged with the FLAG epitope in polypropy.ene tubes in a tota! volume 
L 300~ • (50 mM HEPES pH 7.4, , mM «1„ Hft 0,% BSA) and 
incunaung for 90 minutes at 27°C with shaking at 150 rpr. The cells were 
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recced, using a Skatron ceU harvester (Skatron Instruments Inc.. » 
VA) on glass fiber filters prescaked in 0.3% po.yethylene.mme and 0.2% 
BSA After washing, the niters were removed and bound ligand was 
stated by counting gamma emissions. Ligand binding by competition 
, with un.abe.ed Hgand was determmed by incubation of 5 X 1* transfecte 
ce... (« above) with 1, nM of radioed ligand and the mchcate 
concentrations of unlabeled ligand. The samp.es were col.ected. washed and 
counted as above. The data was analyzed using the curve-fining program 
Prism (GraphPad Inc., San Diego, CA) and the iterative non-.inear regression 

10 program, LIGAND (PM220). 

in equilibrium binding assays. 88C receptor bound radiolabeled 
MIP-10 in a specific and saturable manner. Ana.ysis of this binding data by 
*e method of Scatchard revealed a dissociation constant (Kd) of 1.6 nM- 
Competi.cn binding assays using Labeled MIP„ revealed i h.gh-a^ y 
l5 ending of MIP-10 (IQo = 7.4 nM). RANTES (IC. = ^ nM). and 

Z» = 7.4 nM), consistent with the signa.ing data obtained ,„ transiently 
transected COS-7 cells as discussed in section B above. 

Trample 6 

The chemokines NOP- 1 a. MIP-1/* and RANTES have been 
sho wn to inhibit replication of HIV-1 and HIV-2 in human periphera. blood 
.ononudear cells and FM1 ce.ls (G«*. - aL. su P ra, In v.ew of t 
finding and in view of the results described in Example 5. the present 
inV enL contemplates th at activation of or ligand binding to the 88C receptor 
may provide a protective role in fflV infection. 

Recently, it has been reported that the orphan G prote.n-coup.ed 
receptor, fusin. can act as a co^ceptor for HIV entry. ^in/CXCR4 in 
combination with CD4, the primar, HIV receptor, apparently 

upon the homo,ogy of fusin to chemokine receptors and the chemok 
bi „din g profile of 88C, and because 88C is constitutive* expressed .n T cells 
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and abundantly expressed in macrophages. 88C is likely to be involved in 
viral and HIV infection. 

The function of 88C and 88-2B as co-receptors for HIV was 
determined by transfecting cells which express CD4 with 88C or 88-2B and 
5 .challenging the co-transfected cells with HIV. Only cells expressing both 
CD4 and a functional co-receptor for HIV become infected. HIV infection 
can be determined by several methods. EUSAs which test for expression of 
HIV antigens are commercially available, for example Coulter HIV- 1 P 24 
antigen assay (US Patent Nos. 4,886,742), Coulter Corp.. 11800 SW 147th 
10 Ave.. Miami. FL 33196. Alternatively, the test cells can be engineered to 
express a reporter gene such as LACL attached to the HIV LTR promoter 
[Kimpton Virol. 66:2232-2239(1992)]. In this method, cells that are 

infected with HIV are detected by a colorimetric assay. 

88C was transiently transfected into a cat cell line, CCC 
15 [Clapham, et al. , 181 .703-715 (199 D], which had been stably tranformed to 
express human CD4 (CCC-CD4). These cells are normally resistant to 
infection by any strain of HIV-1 because they do not endogenously express 
88C. In these experiments, CCC/CD4 cells were transiently transfected with 
88C cloned into the expression vector pcDNA3.1 (Invitrogen Corp., San 
20 Diego. CA) using lipofectamine (Gibco BRL. Gaithersburg, MD). Two days 
after transfection, cells were challenged with HIV. After 4 days of 
incubation, cells were fixed and stained for p24 antigen as a measure of HTV 
infection. 88C expression by these cells rendered them susceptible to 
infection by several strains of HIV-1. These strains included four primary 
25 non-syncytium-inducing HIV-1 isolates (M23. E80, SL-2 and SF-162) which 
were shown to use only 88C as a co-receptor but not fusin. Several primary 
syncytium-inducing strains of HIV-1 (2006, M13, 2028 and 2076) used either 
88C or fusin as a co-receptor. Also, two established clonal HIV-1 viruses 
(GUN-1 and 89.6) used either 88C or fusin as a co-receptor. 
30 it has been reported that some strains of HIV-2 can infect 

certain CD4-negative cell lines, thus implying a direct interaction of HIV-2 
with a receptor other than CD4 [Clapham, a al.. J. Virol. 66:3531-3537 
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„mn For some S ™n S crfflV-2. .hi. i»f«»» * facile by .he presence 
of * » <SC«,. Since 88-2B sbare, *> -P— 
„,„., c— recep.ors - - - «" «""""" —* 

ca, CCC cells wbich do no, ..d.geneonsly — CD, ..re 

*»„ 8MB. 1, d«» expends. «... »«e ,»s,ec.ec »«. pcDNA3. 

^^^**--«-'---* ,,,V - I " , -" r ^ 

,„ riio^Lcop^s. 

,„e 88-2E,„».,e«d cells couid «,= .,=eW b, O.e presence o, ,00- 8 «) » 
eo„i„, one o, ,be ,8-s .or 88-2B. THe b.se.in ~, 
CCC/88-2B («hh no soluble CD4, »ere e,»iv..en, „ CCC cells wh.ch were 

15 no. transfected with 88-2B. 

Tte role of 88-2B and 88C a. co-recep.ors for HIV wa, 
conned „ preparing and challenging ce.l ...» »b,y .ranged ,o 

— - ^ , hc „ „ le „ 88C ,„d 88,B can be 

a ^CZ reporrer gene .» wi.l. a cel. .ine c<,e»pres„n g ,he HIV 

Lby ,„o. opre.sion o f ,be re^er ger. In «. 

n^ner gene produc, by colorime,* assay indices ,h„ 88C o, 

function as a co-receptor for HIV. 

The .nechanism by which che.oK.nes inhibit viral .nfecuon has 
no, yet been elucidated. One possib.e mechanis. invoWes activation of the 
Iptor by bindin g of a chemoKine. The bindin g of the — e ieads to 
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signaI t ransduction events ta *e ce,, that renders the c# ~ ^ 
Ict.on ana/o, prevents Ration of the vin,s - — ^ 

interf eron induction, the cd. may differentiate such that „ >s res stant t « 
nfection or an antivira, state is established. Alternatively, a second 
, I "I stn Uves direct interference w,th vira, entry into «... * ^ng 
5 I of vira, enve.ope proteins to the co-receptor hy ~ 
b ,ndin, in this mechanism. G- P rot,n signing ,s not reared for 
chemokine suppression of fflV infection. 

To distinguish between two mechanisms by which 88C or 88 2B 
10 , nav funct.cn as co-receptors for vira, or HIV infection. — bindm, 
„ 'the raptor is uncoup.ed from signal transduction and the effect of the 
chemokme on suppression of viral infection is determined. 

Li gand binding can be uncoup.ed from ,gna. transduction by 
th. addition of compounds which inhibit G- P rotei„ mediated signaUng. These 
15 compounds inciude, for examp.e, pertussis to*, and « !n 
addL, downstream effector poiypeptides can be mrub.ted b o* 
compounds such as wot—. If Ostein signaling , .nvoWe. 

Session of vira. infection by the chemokine. Ahemauve.y, key res.d. 
20 or receptor domain, of 88C or 88-2B receptor quired for G-pro.e.n coupling 
Zl a.tered or deleted such that G-prote.n coup., g U altered or destroyed 
but chemokine binding is not affected. 

Under these conditions, if chemokines are unable to suppress 
viral or HIV infection, then signing through a G- P totein is retired for 
„ suppression of vira. or HIV infection. If however, chemoktnes are ab.e to 
" suppress vh- Action, then G-protein signa.ing is no, re q uire4 fo 
cloktne suppression of vita, infection and the P"^ 
chemokines may be due to the chemokine b.ocking the availability of the 

receptor for the virus. . 
30 Anotherapproachinvo.vestheuseofantibodiesd.rectedaga.nst 

88C or 88-2B. Antibodies which bind to 88C or 88-2B which can be shown 
not to elicit G-protein signing may b.ock access to the chemolune or vira. 
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5 infection (Feng, eial., 1996"). 

Vvairmle 7 

Cell line were stab.y ^formed whh 88C or 8MB to further 
u . «f 88C and 88-2B in HIV infection. Kimpton and 

„, an integrated Beta-Galactos.dase Gene. J. Vi«/ HeLa-MAGI 

number of infected cells. „r wtv- 

TheseHcLa-MAGIcel.scandetect.ab-adapted.solatesofHIV 

, m ,rv isolates [Kimpton and Emerman. supra], and 
, out on.y a minonty of pn»«y fl/ ,. characlerizat ion of a 

cannot detect most SIV isolates [Chackenaner^., 

^5939-5947 ,,993, «n«, -J-*- 
identified as U373-MAGI. could not be .nfected w.tn any 
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srai „ or mv. „„, »u,a u «— * - " — 

HeLa cells [Harrington and Geballe. supra). 

!„ order to construct indtcator ceil lines that could detect e.ther 
haee or T cell tropic viruses, epitope-tagged 88C or 88-2B encoding 

a retroviral vector to generate HeLA-MAGI-88C or U373-MAGI-88C cel. 

of the co-rece P tors on the ce.l surface was 

in ^ RT " PC THe 88C and 88-2B genes utii.ed to construct HeLa-MAGI- 

88C and U373-MAGI-88C included sequences encod.ng the prolactin siena. 
^ lowed by a FLAG ep.tope as deseed ,n H W ,e 4. ^ = 
Z inserted mto the retrovirai vector pBabe-Puro [Morgenstem and Lan 
ZeUc «*> W^** Hi8h tUer retr ° V,ra 

, g/m , puromycm (HeLa) or 1 puromycm (U373) were pool* 

ol lained at least 1000 independent transduction events. An ear, 
20 lie (passage X) stoc k of the ongma, HeLa-MAGI cells r^P- and 
Emerman. supra) was used to create H^-MAGI-MC cells. 

In fections of the indicator cel. lines with HIV were performed 
in 12 -we>. Plates with 10-foid sena. dilutions of 300 ,1 of virus in ihe 
presence of 30 */«.! DEAE-Dextran as described [Kimpton and Emerman, 

25 SUPm] ' Al.HIV-1 strains and SlV^y, were all obtained from the NTH 

AIDS Reference and Reagent Program. Modular clones of primary KV- 
2 rcao e> al "Genetic Diversity of Human Immunodeficiency V.rus Type 
Evidence for Distinct Sequence Subtypes with Differ in Virus 

30 Biology." *«-.. mn»**-™ a - d sivsmpbji - 9 tDe :; urs 

I al Sequence Ana.ysis and Acute Pathogenies of Mo.ecuiar, Cloned 
OV.-PBiU." Nature. J45:636-640 (1990)] were obtained from B. Hahn 
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(UAB ) Al» other SIV_ Uolates were obtained fro. luHe Overbaugh (U. 

respectively, using standards provided by the manufacturer. 

U 373-MAGl-8 8 Cce. 1 sa„dU373-MAGIce 11 s(contro 1 s)and 

were infected with Siting dilution, of a T-tropic stnnn of HIV-1 (HIVJ, 
10 In M-tropic strain (HIV YU . 2 ). and an SIV isolate. SIV MAC 239. Infecttv.ty wa 

(Table 2). 



Table 2 



— Z~7 titerancslLU"^ flU /ml ">- 

,T,o- 

«; 100 2 - 2 x 10 
SIV.^,.239 1.2 x10* . 



. Viruses derived by transition of molecu.ar clones into 293 



cells. 



20 



25 



30 



normalized to 1 ml final volume. 

Two days after infection, cells wen. fixed and stained for 3- 
^actostdaseactivitywithX-gal. The U373-d e rived MAGI ceUs were stained 
0 minutes a, 37«C and tbe HeLa-derived MAGI ceHs we, statned for 
To a, 37°C Background staining of non-infected cdls never 

cells were counted, and syncytium witb multip.e nude, were counted as 
Z pHedbytltedi.uttonofv^sandno^edto^,. me uter of 



